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MEASURING METHOD OF SURFACE
ROUGHNESS OF POLISHING PAD

CROSS REFERENCE TO RELATED
APPLICATION

This document claims priority to Japanese Patent Applica-
tion Number 2013-172218 filed Aug. 22, 2013, the entire
contents of which are hereby incorporated by reference.

BACKGROUND

In recent years, high integration and high density in semi-
conductor device demands smaller and smaller wiring pat-
terns or interconnections and also more and more 1ntercon-
nection layers. Multilayer interconnections in smaller circuits
result 1n greater steps which reflect surface irregularities on
lower interconnection layers. An increase in the number of
interconnection layers makes film coating performance (step
coverage) poor over stepped configurations of thin films.
Therefore, better multilayer interconnections need to have the
improved step coverage and proper surface planarization.
Further, since the depth of focus of a photolithographic opti-
cal system 1s smaller with miniaturization of a photolitho-
graphic process, a surface of the semiconductor device needs
to be planarized such that irregular steps on the surface of the
semiconductor device will fall within the depth of focus.

Thus, 1n a manufacturing process of a semiconductor
device, 1t increasingly becomes important to planarize a sur-
face of the semiconductor device. One of the most important
planarizing technologies 1s chemical mechanical polishing
(CMP). Thus, there has been employed a chemical mechani-
cal polishing apparatus for planarizing a surface of a semi-
conductor wafer. In the chemical mechanical polishing appa-
ratus, while a polishing liquid containing abrasive particles
such as silica (510,) or ceria (CeQO,) therein 1s supplied onto
a polishing pad, a substrate such as a semiconductor water 1s
brought into sliding contact with the polishing pad, so that the
substrate 1s polished.

The above CMP process 1s performed by using a polishing,
apparatus comprised of a polishing table having a polishing
pad, and a substrate holding device, which 1s referred to as a
carrier or a top ring, for holding a semiconductor water (sub-
strate) such that the substrate 1s held and pressed against the
polishing pad under a predetermined pressure by the substrate
holding device to polish an insulating film or a metal film on
the substrate.

After one or more substrates have been polished, abrasive
particles and polishing debris are attached to a surface of the
polishing pad, and the surface configuration and the condition
of the polishing pad are changed, and thus the polishing
performance 1s deteriorated. Therefore, as the substrates are
repeatedly polished, a polishing rate 1s lowered and non-
uniform polishing 1s caused. Thus, dressing (conditioning) of
the polishing pad 1s performed by using a dresser to regener-
ate the surface configuration and the condition of the polish-
ing pad which has deteriorated.

As described above, although the dressing (conditioning)
of the polishing pad 1s performed during the process of CMP,
the dressing conditions of the polishing pad are determined
mainly based on empirical rules. There has not been
employed a dressing method which evaluates the surface of
the polishing pad quantitatively and then determines the opti-
mum dressing conditions.

Further, 1n a measuring method of a surface roughness of
the polishing pad, the surface roughness indexes, represented
by the arnithmetical mean deviation of the roughness profile
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(Ra) or the root mean square deviation of the roughness
profile (Rq), are determined by using a laser microscope, but
the determined surface roughness indexes show a poor rela-
tionship with the CMP polishing performance.

For example, 1n Japanese Laid-Open Patent Publication

Nos. 2005-2601835, 2005-333121, and U.S. Patent Applica-
tion Publication No. 2005/0239380, surface roughnesses of a
portion of a polishing pad are specified, but a measuring
method of the surface roughness 1s not clearly described. The
present mventors have found from verification that the sur-
face roughness indexes which show a strong relationship with
the polishing performance cannot be obtained unless the mea-
suring method 1s devised.

SUMMARY OF THE INVENTION

According to an embodiment, there 1s provided a measur-
ing method of a surface roughness of a polishing pad which
can measure a surface roughness index of the polishing pad
showing a strong relationship with polishing performance.

Further, according to another embodiment, there 1s pro-
vided a CMP method which can perform CMP process based

on a surface roughness index determined by a measuring
method of a surface roughness of a polishing pad.

Embodiments, which will be described below, relate to a
measuring method of a surface roughness of a polishing pad
which measures a surface roughness of a polishing pad used
for polishing a substrate such as a semiconductor water.

In an embodiment, there 1s provided a method for measur-
ing a surface roughness of a polishing pad, comprising:
acquiring an 1mage of a surface of a polishing pad by using a
laser microscope; selecting only a region which has a height
larger than an average height from the acquired image; and
calculating a surface roughness from only the selected region.

According to the embodiment, the selection of the region
for calculating the surface roughness of the polishing pad 1s to
select the region which has a large height from the image
plane acquired by the laser microscope. One of the criteria for
the selection 1s that the average height 1s determined auto-
matically by numerical calculations from the cross-sectional
shape of the polishing pad surface, and the region which has
a height larger than the determined average height is selected
as a calculation region. Since the surface roughness of the
very top surface of the polishing pad surface i1s thought to
determine the polishing performance, only the more limited
region can be selected as the region to be calculated. When the
surface roughness calculation region 1s selected, the surface
roughness 1s determined from only the calculation region.

In an embodiment, 1n the selecting the region, the region
having an area of 500 um~ or less is selected.

It has been found from experiments by the present inven-
tors that as the area of the selected region 1s smaller, there 1s
a stronger correlation between the surface roughness and the
polishing performance (see F1G. 4). Therefore, 1n an embodi-
ment, the correlation coetficient 1s not less than approxi-
mately 0.8 (the correlation coelficientzapproximately 0.8) as
a rough indication, and thus the selected area 1s determined to
be 500 um~ or less.

In an embodiment, 1n the acquiring the image, an area of
the acquired image is 100000 um~ or less.

It has been found from experiments by the present inven-
tors that as the area of the acquired 1image 1s smaller, there 1s
a stronger correlation between the surface roughness and the
polishing performance (see FI1G. 5). Therefore, 1n an embodi-
ment, the area of the acquired 1mage 1s determined to be

100000 pm~ or less.
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In an embodiment, in the selecting the region, only the
plural regions which have a height larger than the average
height are selected from the acquired image.

In an embodiment, 1n the determining the surface rough-
ness, surface roughnesses respectively determined from cal-
culation regions at a plurality of locations are averaged to
thereby determine the surface roughness.

In an embodiment, the calculated surface roughness 1s at
least one of arithmetical mean deviation of the roughness
profile (Ra), root mean square deviation of the roughness
profile (Rq), maximum profile valley depth of the roughness
profile (Ry), maximum profile peak height of the roughness
profile (Rp), and maximum height of the roughness profile
(Rz).

In an embodiment, the calculated surface roughness 1s at
least one of arithmetical mean deviation of the roughness
profile (Ra) and root mean square deviation of the roughness
profile (Rq).

In an embodiment, in the selecting the region, the region 1s
selected from a region which falls within top 30% of all the
heights.

In an embodiment, there 1s provided a CMP method com-
prising: predicting polishing performance of CMP based on a
surface roughness of a polishing pad which 1s measured by a
method for measuring a surface roughness of a polishing pad;
the method for measuring a surface roughness of a polishing,
pad, comprising: acquiring an image of a surface of the pol-
ishing pad by using a laser microscope; selecting only a
region which has a height larger than an average height from
the acquired 1mage; and calculating the surface roughness
from only the selected region.

Since 1t has been confirmed that the surface roughness of
the polishing pad determined by the method according to an
embodiment has a correlation with the polishing rate, the
polishing performance can be estimated from the surface
roughness of the polishing pad. Specifically, the surface
roughness of the polishing pad 1s calculated, and thus the
polishing rate can be predicted.

In an embodiment, at least one of polishing conditions and
dressing conditions 1s adjusted based on the predicted polish-
ing performance.

In an embodiment, at least one of a lifetime of the polishing,
pad and a lifetime of a dresser 1s predicted based on the
predicted polishing performance.

In an embodiment, polishing conditions are adjusted based
on the predicted polishing performance, and a substrate 1s
polished under the adjusted polishing conditions.

In an embodiment, there 1s provided a CMP method com-
prising: selecting dressing conditions for a surface of a pol-
1shing pad so that a surface roughness of the polishing pad
which 1s measured by a method for measuring a surface
roughness of a polishing pad becomes equal to a preset sur-
face roughness; the method for measuring a surface rough-
ness of a polishing pad, comprising: acquiring an image of a
surface of the polishing pad by using a laser microscope;
selecting only a region which has a height larger than an
average height from the acquired image; and calculating the
surface roughness from only the selected region.

In an embodiment, at least one of a type of a dresser, a load
during dressing, and the number of revolutions during the
dressing 1s selected as the dressing conditions.

In an embodiment, there 1s provided an apparatus for mea-
suring a surface roughness of a polishing pad, comprising:
acquiring an image ol a surface of a polishing pad; selecting
only a region which has a height larger than an average height
from the acquired image; and calculating a surface roughness
from only the selected region.
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According to the above-described embodiments, a surface
roughness of a polishing pad showing a strong relationship
with polishing performance can be measured. Further, pol-
1shing performance such as a polishing rate can be estimated
from the measured surface roughness.

Furthermore, according to the above-described embodi-
ments, on the basis of the estimated polishing performance,
the polishing conditions such as a polishing time or the dress-
ing conditions of the polishing pad are adjusted, and thus the
CMP method which achieves the desirable polishing perfor-
mance can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view showing an entire structure of a
polishing apparatus which performs a method for measuring
a surface roughness of a polishing pad according to an
embodiment;

FIG. 2A 1s an image acquired by a laser microscope;

FIG. 2B 1s a view showing a cross-sectional shape of a
polishing pad surface at the location shown by a dashed line
in FIG. 2A;

FIG. 3 1s a table and a graph of measured data showing the
relationship between a surface roughness (Ra) and a polish-
ing rate (RR);

FIG. 4 15 a table and a graph which show the relationship
between the correlation coellicient between the surface
roughness and the polishing rate, and the area of the region
selected to calculate the surface roughness; and

FIG. 5 15 a table and a graph which show the relationship
between the correlation coellicient between the surface
roughness and the polishing rate, and the area of the image
acquired by the laser microscope.

DESCRIPTION OF EMBODIMENTS

A measuring method of a surface roughness of a polishing
pad according to an embodiment will be described below with
reference to FIGS. 1 through 5. Like or corresponding parts
are denoted by corresponding reference numerals 1n FIGS. 1
through 5 and will not be described below repetitively.

FIG. 1 1s a schematic view showing an entire structure of a
polishing apparatus which performs a measuring method of a
surface roughness of a polishing pad according to an embodi-
ment. As shown 1n FIG. 1, the polishing apparatus includes a
polishing table 1, and a top ring 10 for holding a substrate W
such as a semiconductor waler as an object to be polished and
pressing the substrate W against a polishing pad 2 on the
polishing table 1. The polishing table 1 1s coupled via a table
shaft 1a to a polishing table rotating motor (not shown) dis-
posed below the polishing table 1. Thus, the polishing table 1
1s rotatable about the table shaft 1a. The polishing pad 2 1s
attached to an upper surface of the polishing table 1. A surface
ol the polishing pad 2 constitutes a polishing surface 2a for
polishing the substrate W. The polishing pad 2 comprising
SUBAS00, 1C1000, IC1000/SUBA400 (two-layered cloth)
manufactured by the Dow Chemical Company, or the like 1s
used. SUBARSOO 1s a non-woven fabric made of fibers fixed
with urethane resin. IC1000 1s a pad made of hard perforated
polyurethane and having a large number of fine holes (pores)
formed 1n its surface, and 1s also called a perforated pad. A
polishing liquid supply nozzle 3 i1s provided above the pol-
ishing table 1 to supply a polishing liquid (slurry) onto the
polishing pad 2 on the polishing table 1.

The top ring 10 1s connected to a top ring shaft 11, and the
top ring shaft 11 1s vertically movable with respect to a top
ring head 12. When the top ring shaft 11 moves vertically, the
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top ring 1 1s lifted and lowered as a whole to be positioned
with respect to the top ring head 12. The top ring shatit 11 1s
configured to be rotated by driving a top ring rotating motor
(not shown). The top ring 1 1s rotated about the top ring shait
11 by the rotation of the top ring shaft 11. 5

As shown 1n FIG. 1, the top ring 10 1s configured to hold the
substrate W such as a semiconductor water on 1ts lower sur-
face. The top ring head 12 1s configured to be pivotable about
a top ring head shaft (not shown). Thus, the top ring 10, which
holds the substrate W on its lower surface, 1s movable 10
between a substrate transferring position and a position above
the polishing table 1 by the pivotable movement of the top
ring head 12. The top ring 10 holds the substrate W on 1its
lower surface and presses the substrate W against the surface
(polishing surface) of the polishing pad 2. At this time, while 15
the polishing table 1 and the top ring 10 are respectively
rotated, a polishing liquid (slurry) 1s supplied onto the pol-
1shing pad 2 from the polishing liquid supply nozzle 3 pro-
vided above the polishing table 1. The polishing liquid con-
taining silica (S10,) or ceria (CeQ,) as abrasive particles 1s 20
used. In this manner, while the polishing liquid 1s supplied
onto the polishing pad 2, the substrate W 1s pressed against the
polishing pad 2 and the substrate W and the polishing pad 2
are moved relative to each other to polish an msulating film,

a metal film or the like on the substrate. Examples of the 25
insulating film include S10,, and examples of the metal film
include a Cu film, a W film, a Ta film and a Ti film.

As shown 1n FIG. 1, the polishing apparatus has a dressing
apparatus 20 for dressing the polishing pad 2. The dressing
apparatus 20 includes a dresser arm 21, and a dresser 22 30
which 1s rotatably attached to the dresser arm 21. The lower
part of the dresser 22 comprises a dressing member 22a,
which has a circular dressing surface. Hard particles are fixed
to the dressing surface by electrodeposition or the like.
Examples of the hard particles include diamond particles, 35
ceramic particles and the like. A motor (not shown) 1s pro-
vided in the dresser arm 21, and the dresser 22 1s rotated by the
motor. The dresser arm 21 1s coupled to a lifting and lowering,
mechanism (not shown), and the dresser arm 21 1s lowered by
the lifting and lowering mechanism to allow the dressing 40
member 22a to be pressed against the polishing surface 2a of
the polishing pad 2. Equipments including the polishing table
1, the top ring 10, the dressing apparatus 20 and the like are
connected to a controller (not shown), and the rotational
speed of the polishing table 1, the rotational speed and the 45
polishing pressure of the top ring 10, the load and the oscil-
lating speed of the dresser 22 of the dressing apparatus 20, and
the like are controlled by the controller. Further, the controller
has a control unit capable of adjusting polishing conditions
and dressing conditions according to predicted polishing per- 50
formance based on the surface roughness of the polishing
pad.

As shown 1n FIG. 1, an optical system unit 30 for irradiat-
ing the surface of the polishing pad 2 with a laser light and
receiving a reflected light that 1s reflected and scattered by the 55
surface of the polishing pad 2 1s provided above the polishing
pad 2 on the polishing table 1. The optical system unit 30 1s
connected to an 1mage processing unit 31, provided outside
the polishing table 1, which images the reflected light
received by the optical system unit 30 and measures a surface 60
roughness of the polishing pad 2. The optical system unit 30
and the 1mage processing unit 31 constitute a laser micro-
scope.

In the polishing apparatus configured as shown in FIG. 1,
when the surface roughness of the polishing pad 2 1s mea- 65
sured, an 1mage of the surface of the polishing pad 2 1s
acquired by using the laser microscope comprising the optical
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system unit 30 and the image processing unit 31, and 1n the
acquired 1image, large height portions of the polishing pad are
selected, and then the surface roughness 1s determined from
only the region having a predetermined area among the
selected portions. Here, when a plane which 1s formed on
reference points set by the laser microscope 1s assumed to be
a reference plane (zero plane), the height of the polishing pad
1s defined as a relative height from the reference plane to the
surface of the polishing pad. The surface roughness 1s geo-
metric quantity representing minute 1rregularities on the sur-
face of a physical object. The region where the laser micro-
scope acquires an 1image 1s a region larger than the hole of the
polishing pad, and has an enough size to select the large
height portion. Specifically, the area of the region of the
polishing pad which 1s selected to determine the surface
roughness is in the range of 25 to 1000 um?, more preferably
50 to 500 um”. In order to enable to select the region having
such an area suificiently, the region area of the polishing pad
in the whole 1image acquired by the laser microscope is in the
range of 5000 to 500000 um®, more preferably 10000 to
100000 um*. Naturally, the optimum region to be selected and
the optimum area of the whole 1mage vary depending on the
s1ze of the hole of the polishing pad, and thus can be changed
appropriately according to the kind of the polishing pad. As
an example of the size of the hole in the polishing pad, 1n the
IC1000 pad manufactured by the Dow Chemical Company,
the hole has an area of approximately 4000 to 3000 um”.

Generally, since the surface roughness of the polishing pad
shows large vanations depending on a measuring location,
large height regions of the polishing pad at the plural loca-
tions are selected from the acquired image plane, and among
the selected plural locations, regions which have an area
larger than a predetermined area are specified. For example,
the regions, at ten locations, which have a large height of the
polishing pad are selected. It 1s preferable that surface rough-
nesses determined 1n the respective selected regions are aver-
aged, and the averaged surface roughness 1s represented as a
surface roughness of the whole acquired image.

The determined surface roughness includes the arithmeti-
cal mean deviation of the roughness profile (Ra), the root
mean square deviation of the roughness profile (Rq), the
maximum profile valley depth of the roughness profile (Rv),
the maximum profile peak height of the roughness profile
(Rp), and the maximum height of the roughness profile (Rz).
The present mventors have clarified that among the above
indexes, the arithmetical mean deviation of the roughness
profile (Ra) and the root mean square deviation of the rough-
ness profile (Rq) particularly show a strong relationship with
the polishing performance.

FIGS. 2A and 2B show an image by the laser microscope,
and a cross-sectional shape at the portion shown by a dashed
line, respectively. FIG. 2A 1s an 1image acquired by the laser
microscope, and FIG. 2B shows a cross-sectional shape
showing 1rregularities of the polishing pad surface at the
location shown by a dashed line 1n FIG. 2A.

The selection of the region for calculating the surface
roughness of the polishing pad 1s to select the region which
has a large height from the 1image plane acquired by the laser
microscope. One of the criteria for the selection 1s that the
average height 1s determined automatically by numerical cal-
culations from the cross-sectional shape of the polishing pad
surface, and the region which has a height larger than the
determined average height 1s selected as a calculation region.
A portion or portions above a line of the average height shown
in FIG. 2B are selected. Since the surface roughness of the
very top surface of the polishing pad surface i1s thought to
determine the polishing performance, only the more limited
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region can be selected as the region to be calculated. For
example, the region which falls within the top 30% of all the
heights appearing 1n the 1image, or further, the region which
talls within the top 10% thereot, can be selected as the cal-
culation region. The location where the cross section 1s taken
in FIG. 2A can be moved 1n a vertical direction at an arbitrary
interval. Further, in the process of selecting the region to be
calculated, a plurality of regions which have a height larger
than the average height in the acquired image may be
selected, and thus a plurality of surface roughness calculation
regions may be set.

When the surface roughness calculation regions are
selected or set 1n the above described manner, surface rough-
nesses are determined from only these calculation regions.
Further, the surface roughnesses respectively determined
from the plural calculation regions are averaged to thereby
determine a surface roughness.

The surface roughness can be represented by the arithmeti-
cal mean deviation of the roughness profile (Ra), the root
mean square deviation ol the roughness profile (Rq), the
maximum profile valley depth of the roughness profile (Rv),
the maximum profile peak height of the roughness profile
(Rp), and the maximum height of the roughness profile (Rz),
and the like. When placing emphasis on the relationship with
the polishing performance of the polishing pad, the surface
roughness 1s preferably represented by the anithmetical mean
deviation of the roughness profile (Ra) or the root mean
square deviation of the roughness profile (Rq).

The present inventors have found that the surface rough-
ness determined 1n this manner shows a strong relationship
with the polishing performance. FIG. 3 1s a table and a graph
of measured data showing the relationship between the sur-
face roughness (Ra) and a polishing rate (RR). The unit of the
polishing rate 1s nm/min. The data shown 1n the table of FIG.
3 represent the surface roughnesses of the polishing pad sur-
face and the normalized surface roughnesses of the polishing
pad surface when the polishing 1s performed at four kinds of
polishing rates, and represent the values calculated from the
whole regions of the images acquired by the laser microscope
and the values calculated from only the selected large height
parts. Here, as the large height parts, only the parts which
have a height larger than the average height are selected. Of
all the data shown 1n the table, only the normalized surface
roughnesses are shown in the graph. In the graph, the points
shown by circles correspond to the data 1n the case where the
surface roughnesses are determined from the whole regions
of the images, and the points shown by squares correspond to
the data 1n the case where the surface roughnesses are deter-
mined from only the selected large height regions.

It can be seen from the graph of FIG. 3 that when only the
large height region 1s selected to determine the surface rough-
ness, there 1s a certain relationship, between the surface
roughness and the polishing rate, that the polishing rate
increases as the surface roughness increases. The correlation
coellicient between the surface roughness and the polishing
rate 1n the case where the surface roughness 1s determined
from the whole region of the image was 0.39, whereas the
correlation coetlicient i the case where the surface rough-
ness 1s determined from only the selected large height region
was 0.96. Thus, 1t can be said that there 1s an extremely strong
relationship also from the value of 0.96 close to 1.

FIG. 4 1s a table and a graph which show the relationship
between the correlation coellicient between the surface
roughness and the polishing rate, and the area of the region
selected to calculate the surface roughness. Here, as the large
height parts, only the parts which fall within the top 30% of all
the heights are selected. The area (Area) of the region selected
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to calculate the surface roughness and the correlation coetti-
cient (R2) between the surface roughness and the polishing
rate, which are shown in the table, are shown 1n the graph. As
1s clear from FIG. 4, as the area of the region selected to
calculate the surface roughness i1s smaller, the correlation
coellicient approaches 1. It 1s thought that there 1s a correla-
tion when the area of the selected region is 1000 um? or less.
However, since the smaller area shows the more correlation,
the area of the selected region is preferably 500 um? or less.

FIG. 4 shows that the correlation coellicient 1n the case
where the area of the selected region is 25 um® is approxi-
mately 0.937. However, the lower limit of the area of the
selected region is thought to be a few um” to 10 um~.

FIG. 5 1s a table and a graph which show the relationship
between the correlation coellicient between the surface
roughness and the polishing rate, and the polishing pad area
of the image acquired by the laser microscope. Here, the
correlation coelficient 1s determined from the acquired whole
image. The table shows the magnification of the laser micro-
scope, the area (Area) of the acquired 1image, and the corre-
lation coetlicient (R2) between the surface roughness and the
polishing rate. The area (Area) of the acquired image and the
correlation coelficient (R2) in the table are shown in the
graph. As 1s clear from FIG. 5, as the area of the image
acquired by the laser microscope 1s smaller, the correlation
coellicient approaches 1. Therefore, the area of the region of
the polishing pad where the 1mage 1s acquired 1s preferably
100000 um? or less.

As described above, since 1t has been confirmed that the
surface roughness of the polishing pad determined by the
method according to one embodiment has a correlation with
the polishing rate, the polishing performance can be esti-
mated from the surface roughness of the polishing pad. Spe-
cifically, the surface roughness of the polishing pad 1s calcu-
lated, and then the polishing rate can be predicted.

Further, on the basis of the estimated polis‘ling perior-
mance, the polishing conditions such as a polishing time or
the dressing conditions of the polishung pad are adjusted, and
thus the CMP method which achieves the desirable polishing
performance can be provided.

There 1s a strong correlation between the surface roughness
of the polishing pad and the polishing rate such that the
polishing rate increases when the surface roughness of the
polishing pad increases, for example. On the other hand, there
1s a correlation also between the surface roughness of the
polishing pad and the dressing conditions such that the sur-
face roughness of the polishing pad increases when the dress-
ing load is increased, for example. By utilizing the plural
correlations related to the surface roughness of the polishing
pad, the polishing conditions, the dressing conditions and the
like are adjusted. For example, the polishing rate 1s predicted
from the surface roughness of the polishing pad, based on the
correlation between the surface roughness of the polishing
pad and the polishing rate. Then, the predicted polishing rate
and the desired polishing rate are compared, and 11 the pre-
dicted polishing rate i1s larger or smaller than the desired
polishing rate, the dressing conditions (dressing load) 1s
adjusted based on the correlation between the surface rough-
ness of the polishing pad and the dressing conditions. By
adjusting the dressing conditions, the excess or deficiency of
the polishing rate 1s adjusted, so that the substrate (wafer) can
be polished at the desired polishing rate.

Further, when the substrates (wafer) are polished consecu-
tively, the surface roughness determined 1n the above manner
1s gradually changed, and eventually, the desired polishing
performance cannot be achieved. Such a state means that the
consumable parts for polishing reach the end of their service
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lives. Therefore, the surface roughness determined by the
above method 1s also applicable to infer the lifetimes of the
polishing pad and the dresser.
Furthermore, the dressing conditions of the polishing pad
surface can be selected so that the surface roughness deter-
mined by the above method falls within the preset preferable
range of the surface roughness. The selectable dressing con-
ditions include the types (grit size and/or shape of abrasive
particle) of the dresser, the load during dressing, the number
of revolutions during dressing, and the like.
The polishing apparatus has a control unit which predicts
the polishing performance of CMP based on the surface
roughness of the polishing pad measured by the above
method, and adjusts the polishing conditions and the dressing,
conditions based on the predicted polishing performance.
Although the embodiments of the present invention have
been described herein, the present invention 1s not intended to
be limited to these embodiments. Therefore, 1t should be
noted that the present mvention may be applied to other
various embodiments within a scope of the technical concept
of the present invention.
What is claimed 1s:
1. A method for measuring a surface roughness of a pol-
1shing pad, comprising:
acquiring an 1mage of a surface of a polishing pad by using
a laser microscope;

selecting only a region which has a height of the polishing
pad larger than an average height calculated from the
acquired 1mage; and

calculating a surface roughness from only the selected

region.

2. The method for measuring a surface roughness of a
polishing pad according to claim 1, wherein in the selecting
the region, the region having an area of 500 um~ or less is
selected.

3. The method for measuring a surface roughness of a
polishing pad according to claim 1, wherein 1n the acquiring,
the image, an area of the acquired image is 100000 um~ or
less.

4. The method for measuring a surface roughness of a
polishing pad according to claim 1, wherein 1n the selecting
the region, only the plural regions which have a height larger
than the average height are selected from the acquired image.

5. The method for measuring a surface roughness of a
polishing pad according to claim 4, wherein 1n the determin-
ing the surface roughness, surface roughnesses respectively
determined from calculation regions at a plurality of locations
are averaged to thereby determine the surface roughness.

6. The method for measuring a surface roughness of a
polishing pad according to claim 1, wherein the calculated
surface roughness 1s at least one of arithmetical mean devia-
tion of the roughness profile (Ra), root mean square deviation
of the roughness profile (Rq), maximum profile valley depth
of the roughness profile (Ry), maximum profile peak height
of the roughness profile (Rp), and maximum height of the
roughness profile (Rz).

7. The method for measuring a surface roughness of a
polishing pad according to claim 1, wherein the calculated
surface roughness 1s at least one of arithmetical mean devia-
tion of the roughness profile (Ra) and root mean square devia-
tion of the roughness profile (Rq).

8. The method for measuring a surface roughness of a
polishing pad according to claim 1, wherein in the selecting
the region, the region 1s selected from a region which falls
within top 30% of all the heights.

9. The method for measuring a surface roughness of a
polishing pad according to claim 1, wherein when a plane
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which 1s formed on reference points set by the laser micro-
scope 1s assumed to be a reference plane, the height of the
polishing pad s defined as arelative height from the reference

plane to the surface of the polishing pad.
10. A CMP method comprising:

predicting polishing performance of CMP based on a sur-
face roughness of a polishing pad which 1s measured by
a method for measuring a surface roughness of a polish-
ing pad;

the method for measuring a surface roughness of a polish-

ing pad, comprising;:

acquiring an 1mage of a surface of the polishing pad by
using a laser microscope;

selecting only a region which has a height of the polish-
ing pad larger than an average height calculated from
the acquired 1mage; and

calculating the surface roughness from only the selected
region.

11. The CMP method according to claim 10, wherein at
least one of polishing conditions and dressing conditions 1s
adjusted based on the predicted polishing performance.

12. The CMP method according to claim 10, wherein at
least one of a lifetime of the polishing pad and a lifetime of a
dresser 1s predicted based on the predicted polishing perfor-
mance.

13. The CMP method according to claim 10, wherein pol-
1shing conditions are adjusted based on the predicted polish-
ing performance, and a substrate 1s polished under the
adjusted polishing conditions.

14. The CMP method according to claim 10, wherein pol-
1shing conditions are adjusted on the basis of the predicted
polishing performance, and then a substrate 1s polished under
the adjusted polishing conditions.

15. The CMP method according to claim 10, wherein when
a plane which 1s formed on reference points set by the laser
microscope 1s assumed to be a reference plane, the height of
the polishing pad 1s defined as a relative height from the
reference plane to the surface of the polishing pad.

16. A CMP method comprising:

selecting dressing conditions for a surface of a polishing

pad so that a surface roughness of the polishing pad
which 1s measured by a method for measuring a surface
roughness of a polishing pad becomes equal to a preset
surface roughness;

the method for measuring a surface roughness of a polish-

ing pad, comprising;:

acquiring an image of a surface of the polishing pad by
using a laser microscope;

selecting only a region which has a height of the polish-
ing pad larger than an average height calculated from
the acquired 1mage; and

calculating the surface roughness from only the selected
region.

17. The CMP method according to claim 16, wherein at
least one of a type of a dresser, a load during dressing, and the
number of revolutions during the dressing 1s selected as the
dressing conditions.

18. The CMP method according to claim 16, wherein the
surface of the polishing pad i1s dressed under the selected
dressing conditions, and then a substrate 1s polished by the
dressed polishing pad.

19. The CMP method according to claim 16, wherein when
a plane which 1s formed on reference points set by the laser
microscope 1s assumed to be a reference plane, the height of
the polishing pad 1s defined as a relative height from the
reference plane to the surface of the polishing pad.
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20. An apparatus for measuring a surface roughness of a
polishing pad, comprising;:

a laser microscope configured to acquire an 1mage of a
surface of a polishing pad; and

an 1mage processing unit configured to select only aregion 5
which has a height of the polishing pad larger than an
average height calculated from the acquired image; and
configured to calculate a surface roughness from only
the selected region.
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